Regional flood frequency analysis usually assumes that flood records from different sites are statistically independent. This assumption is unlikely to be valid in practice, so it is important to know how intersite dependence affects flood quantile estimates obtained by regional analysis. We use Monte Carlo simulation to assess the effect of realistically specified intersite dependence on the regional probability weighted moment algorithm, a robust and efficient procedure for regional flood frequency analysis. Our principal conclusions are as follows. Any bias in flood quantile estimates is unchanged by the presence of intersite dependence. The accuracy of flood quantfie estimates decreases when intersite dependence is present, but this effect is less important for practical applications than the bias in flood quantile estimates due to heterogeneity (inequality of the flood frequency distributions in the region). Even when both heterogeneity and intersite dependence are present and the form of the flood frequency distribution is misspecified, regional flood frequency analysis is more accurate than at-site analysis.
INTRODUCTION
In regional flood frequency analysis, data from a number of sites are combined to yield estimates of flood risk at some site of interest. It is usually assumed that the underlying flood frequency distributions at each site are known apart from a finite number of parameters, that these flood frequency distributions are, after some prescribed scaling or transformation, identical, that data from different years are independent and that data from different sites in the same year are independent. If these assumptions are violated then estimates of flood quantiles at the site of interest may be biased and inaccurate. Errors due to misspecification of the flood frequency distribution can be minimized by using an estimation procedure which is robust to reasonable minor departures of the flood frequency distribution from the specified form: the method of regional probability weighted moments (PWM), used by Wallis [1980 It has long been recognized that regional flood frequency analysis is less accurate when intersite dependence is present. Although intersite dependence does not introduce any bias into flood quantile estimates [Stedinger, 1983] , it does increase their sampling variability. Alexander [1954] Benson [1962] , who analyzed flood data from 164 sites in New England and found the effective number of independent sites to be about 3. Benson's result is widely known among hydrologists and is sometimes quoted, for example, by Haan [1977, p. 154] and Stedinger et al. [1983] , as though it referred to all aspects of flood frequency analysis. This is misleading, because Alexander's formula applies only to estimation of a regional mean. In index flood procedures, regional data are used only to estimate the second and higher moments of the flood frequency distribution and, as Stedinger [1983] showed, the effect of intersite dependence is less severe on estimates of these higher moments. Stedinger [1983] 
Alexander's [1954] formula (1) was used by

SIMULATION PROCEDURE
The regional PWM algorithm, introduced by Wallis [1980] and Greis and Wood [1981] , is an index flood procedure for regional flood frequency analysis which uses the method of PWM to fit a flood frequency distribution to data which have been scaled by division by the at-site sample mean annual flood. Recent research has shown that for regions whose annual flood series are statistically independent, the regional PWM algorithm is reasonably robust both to heterogeneity of the flood frequency distributions in the region [Lettenmaier et aI., I987], and to misspecification of the form of the flood frequency distribution [Hosking et al., 1985a; Hosking and Wallis, 1986a] , and yields more accurate flood quantile estimates than do the current standard British and American procedures for flood frequency analysis [Hosking et aL, 1985a;  Wallis and Wood, !985]. Because it is efficient and robust, we use this algorithm as the basis for investigating the effect of intersite dependence on regional flood frequency analysis.
As was noted previously, we expect that the main effect of intersite dependence on an index flood procedure such as the regional PWM algorithm will be to increase the variability of the estimated growth factors and quantlies. The magnitude of this effect is a function of the number of sites in the region and of the overall amount of intersite dependence as measured by some such quantity as •5 in (1) or p2 in (2). Several other factors may also need to be taken into account' the length of the gauged records, the nature of the regional flood frequency distribution (whether it has high or low CV, high or low skewhess, etc.), the nature of the intersite dependence structure (for example, whether or not there is any variation of correlation with flood magnitude, as considered below), and the return period corresponding to the quantile of interest (whether it is, say, the 100-or 1000-year flood). The regional PWM algorithm must in practice be used when not all of its assumptions are satisfied, so the increased variability in flood quanti!e estimates re•ulting from intersite dependence must be compared in importance with the bias in flood quantile estimates resulting from misspecification of the regional flood frequency distribution or from heterogeneity in the at-site flood fre- Tabulated We have so far assumed that the record length is 20 at each site. This assumption is not critical, for there is in theory no reason to suppose that intersite dependence affects the rate at One effect of record length may, however, be important. Consider a region with N sites and n years of record at cacti site. For a fixed quantity of data, i.e., a fixed number Nn of station years, quantile estimates are more accurate if N is small and n is large rather than vice versa. This effect was noted by Hosking et al. [1985a] for an independent region but is even stronger at high return periods when the region is correlated, as is illustrated by the simulation results in Table  3 . Thus when intersite dependence is present it is particularly advantageous to use regions which contain some sites with long records.
SIMULATION RESULTS' HETEROGENEOUS REGIONS
We present simulation results for two regions which are designed to contain heterogeneity in a way which might plau- These conclusions were obtained for simulated regions with the dependence structure defined in section 2. These conclusions may be subject to change when the dependence structure of the data is more complicated than this, e.g., if extremely high or low annual floods are more highly interdependent than are annual floods of average magnitude. It is, however, not easy to decide whether such an effect is present in any given data set.
